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,QWURGXFWLRQ
)RUHVW HFRV\VWHPV DQG XUEDQ IRUHVWV WKURXJK WKHLU QRUPDO IXQFWLRQLQJ SURYLGH D UDQJH RI JRRGV DQG VHUYLFHV
LPSRUWDQWIRUKXPDQZHOOEHLQJZKLFKDUHFROOHFWLYHO\FDOOHG(FRV\VWHP6HUYLFHV(6)RUHVWVGHOLYHUPXOWLSOH(6
UHJXODWLQJ FDUERQ VHTXHVWUDWLRQ UHJXODWLRQ RI ZDWHUIORZ HURVLRQ SUHYHQWLRQ KDELWDW SURYLVLRQ DQG FXOWXUDO
RSSRUWXQLWLHV IRU UHFUHDWLRQ DQG WRXULVP 0DU]LOLDQR HW DO  3DUWLFXODUO\ IRUHVWV VXSSOLHV EHQHILWV LQ
SURYLVLRQLQJ VHUYLFHV VXFK WLPEHU QRQZRRG SURGXFWV DQG ELRHQHUJ\ %DQJDVK HW DO  +RZHYHU D
PDQDJHPHQWQRWLQWHJUDWHGLQWKHHFRORJLFDOFRQWH[WDQGILQDOL]HGRQO\DWWKHVLPSOHH[SORLWDWLRQRIIRUHVWUHVRXUFHV
FRXOG FDXVH IUDJPHQWHG IRUHVW ODQGVFDSHV DQG GHJUDGLQJ TXDOLW\ LQ RWKHU HFRV\VWHP VHUYLFHV /D )RUWH]]D HW DO

7KH ELRPDVV SURGXFWLRQ IRU HQHUJHWLF SXUSRVHV GHULYLQJ IURP IRUHVWU\ WLPEHU LQGXVWU\ DQG 6KRUW 5RWDWLRQ
)RUHVWU\65)FDQSURYLGHYDULRXVHQYLURQPHQWDODQGVRFLRHFRQRPLFEHQHILWV1HUL	%UXQRUL0DU]LOLDQR
HW DO D 0RQHWL HW DO  DQG DUH UHOHYDQW XQGHU 0HGLWHUUHDQHDQ HQYLURQPHQWDO DQG VRFLRHFRQRPLF
FRQGLWLRQ0DU]LOLDQRHWDOE,QIDFWWKHXVHRIIRUHVWELRPDVVIRUHQHUJ\FRQWULEXWHVWRWKHUHGXFWLRQRI&2
HPLVVLRQV 1LVKL]RQRHW DO+HOOULJO LPSURYLQJDOVR VRPH IRUHVW IXQFWLRQV VXFKDVK\GURJHRORJLFDO
DQGELRGLYHUVLW\FRQVHUYDWLRQ LI UHDOL]HGFRUUHFWO\0RUHRYHU IRUHVWELRPDVVFRQVXPSWLRQFRXOGFRQWULEXWH WR WKH
VRFLRHFRQRPLFGHYHORSPHQWRIUXUDODUHDV&LFFDUHVH6DQHVLHWDO WKURXJKWKHUHVWRUDWLRQRIDJUR
IRUHVWDFWLYLWLHVDQGWHFKQRORJLFDODGYDQFHVLQWKHELRHQHUJ\ILHOG,QWKLVFRQWH[WLWLVLPSRUWDQWWKHLPSOHPHQWDWLRQ
RI D VPDOOVFDOH IRUHVWZRRGHQHUJ\ FKDLQ LPSOHPHQWLQJ WKH XVH RI ORFDO UDZ PDWHULDOV DQG FDUU\LQJ RXW WKH
FRQYHUVLRQSKDVHVLQDORFDOFRQWH[W7KHGHYHORSPHQWRIVXFKFKDLQVFRXOGFRQWULEXWHWRUHGXFLQJWKHVXSSO\FRVWV
RI ZRRGHQ PDWHULDOV UHGXFLQJ DOVR WKH FRVWV UHODWHG WR WKH WUDQVSRUWV RQ ODUJH GLVWDQFHV 5HFFKLD HW DO 
0RUHRYHU WKHFRQYHUVLRQRI IRUHVWELRPDVV WRHQHUJ\VKRXOGEHFDUULHGRXW LQ VPDOO VL]HGSRZHU IDFWRULHVRI
0: +RZHYHU D QHJDWLYH WUDLW DIIHFWLQJ WKH GHYHORSPHQW RI D ELRHQHUJHWLF FKDLQ FRXOG EH UHSUHVHQWHG E\ WKH
RQHURXV LQLWLDO LQYHVWPHQW QHFHVVDU\ IRU D ELRPDVV SRZHU SODQW 0RQHWL HW DO  +RZHYHU WKH HFRQRPLF
LQFHQWLYHVJLYHQZLWKLQWKH(XURSHDQ8QLRQIUDPHZRUNFDQHIIHFWLYHO\SURPRWHDQGVXSSRUWWKHLQLWLDOLQYHVWPHQW
7KHSURGXFWLRQRIIRUHVWELRPDVVIRUHQHUJ\LVDVVXPLQJSDUWLFXODU LPSRUWDQFH LQ WKH&DODEULD5HJLRQFRQVLGHULQJ
LWVODUJHDUHDFRYHUHGE\IRUHVWV$FFRUGLQJWRWKHGDWDUHSRUWHGE\WKH5HJLRQDO5XUDO'HYHORSPHQW3ODQ55'3
 WKHSRWHQWLDORIZRRGSURGXFWLRQSRWHQWLDO LVHVWLPDWHGDWDSSUR[LPDWHO\PLOOLRQFXELFPHWHUVDQG
WKHRI WKHPLVGHVWLQHGIRU WKHELRPDVVPDUNHWHJ ODUJHVL]HGWKHUPDOSRZHUVWDWLRQVDQGGRPHVWLFKHDWLQJ
V\VWHPV =LPEDODWWL	3URWR  3URWR	=LPEDODWWL  ,Q RUGHU WR FRQWDLQ WKH FRVWV RI WUDQVSRUW DQG WR
VWUHQJWKHQWKHFKDLQRIHQHUJ\SURGXFWLRQDWVXEUHJLRQDOOHYHOWKH55'3HQFRXUDJHVWKHFUHDWLRQRIELRPDVVVPDOO
VL]HG SODQWV WKDW FRXOG EH UHDOL]HG LQ VHYHUDO PRXQWDLQRXV FRQWH[WV7KHUHIRUH DQ LPSRUWDQW LVVXH UHJDUGV WKH
DVVHVVPHQWRIWKHUHDODYDLODELOLW\RIIRUHVWELRPDVVLQRUGHUWRFDOFXODWHWKHSURSHUGLPHQVLRQVRIDELRPDVVIDFWRU\
IRUHQHUJ\SURGXFWLRQ
,Q WKLV VWXG\ZHFRQVLGHUHGKRZDTXDQWLWDWLYHHVWLPDWLRQRI WKHZRRG\ELRPDVV ORFDOO\DYDLODEOH FRXOGEHDQ
XVHIXO VXSSRUW WRRO IRU VDWLVI\LQJ WKH ELRPDVV UHTXHVW IRU HQHUJ\ GHULYLQJ IURP WKHPHWURSROLWDQ DUHD RI 5HJJLR
&DODEULD WDNLQJ LQWR DFFRXQW DOVR WKH RWKHU HFRV\VWHP DQG HFRQRPLFDO VHUYLFHV WKDW IRUHVWV SURYLGH 3DUWLFXODUO\
KHUHZHJLYHDJHQHUDORYHUYLHZEDVHGRQVLOYLFXOWXUDODQGGHQGURORJLFDOGDWDVHWVRIWKHIRUHVWVWDQGVRFFXUULQJLQ
WKHFRQWH[WRIWKHH[0RXQWDLQ&RPPXQLW\RIVersante Tirrenico Meridionale ORFDWHGLQWKH'LVWULFWRI5HJJLR
&DODEULD%DVHGRQWKLVDSSURDFKZHWKHQIRFXVHGRQWKHHVWLPDWLRQRIWKHSRWHQWLDOSURGXFWLRQRIIRUHVWELRPDVVLQ
WKHVWXG\DUHDZKHUHUHFHQWO\WKHORFDODXWKRULWLHVKDYHDOUHDG\GHPRQVWUDWHGDJURZLQJLQWHUHVWRQWKLVWRSLF
0DWHULDODQG0HWKRGV
2.1. Study area 
7KH VWXG\ DUHD HQFRPSDVVHV WKH WHUULWRU\ RI WKH H[0RXQWDLQ &RPPXQLW\ ³Versante Tirrenico Meridionale´
ORFDWHG DORQJ WKH VRXWKHUQ VLGH RI WKH ³Aspromonte´PDVVLI 5HJJLR&DODEULD'LVWULFW 7KH DUHD LV QRUWK ORFDWHG
IURPWKHFLW\RI5HJJLR&DODEULDLQDQDOWLWXGLQDOUDQJHRI·PDVO,WVH[WHQVLRQLVDERXW.PZKHUH
WKHRIWKHDUHDLVORFDWHGLQDPRXQWDLQRXVFRQWH[W0DU]LOLDQRHWDO,QWKHDOWLWXGLQDOUDQJHRI400·
PDVO,WKHVWXG\DUHDLVFKDUDFWHUL]HGE\IRUHVWVWDQGVRIWHQORFDWHGQHDUWRWKHXUEDQDUHDV$WKLJKHUDOWLWXGHWKH
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PDLQIRUHVWW\SHVDUHFKDUDFWHUL]HGE\EHHFKFagus sylvatica /KLJKIRUHVWVVRPHWLPHVPL[HGZLWKVLOYHUILUAbies 
alba 0LOO 0RUHRYHU LQ  WKH DOWLWXGHV UDQJLQJ IURP  DQG  P DVO IRUHVWV DUH FKDUDFWHUL]HG E\
FRSSLFHGRPLQDWHGE\EHHFKRIWHQVXIIHULQJWKHSUHVVXUHRIH[FHVVLYHSDVWXUH
7KH FHQWUDO DQGZHVWHUQ SDUW RI WKH DUHD LV FKDUDFWHUL]HG E\ FKHVWQXW Castanea sativa 0LOO FRSSLFH IRUHVWV
UHSUHVHQWLQJDQ LPSRUWDQWHFRQRPLF LQFRPHIRUERWKSULYDWHDQGSXEOLF IRUHVWVHFWRU2Q WKHFRQWUDU\ WKHFHQWUDO
DQG QRUWKHUQ SDUW LV FKDUDFWHUL]HG E\ RDN FRSSLFH IRUHVWV HVSHFLDOO\ GRPLQDWHG E\ KROP RDN Quercus ilex /
)LQDOO\ LQ WKH PXQLFLSDOLWLHV RI 0RORFKLR 2SSLGR DQG 9DUDSRGLR WKH ODQGVFDSH LV FKDUDFWHUL]HG E\ EODFN
SLQHPinus nigra $UQROG VVS laricio  3RLUHW SODQWDWLRQVDQG WR D OHVVHU H[WHQW RI PDULWLPH DQG GRPHVWLF SLQH
UHVSHFWLYHO\Pinuspinaster$LWRQDQGPinus pinea / 0DU]LOLDQRet al 7DEOH UHSRUWVWKHGLVWULEXWLRQRI
IRUHVWW\SHVLQWKHH[DPLQHGWHUULWRU\DQGWKHDPRXQWRIWKHGLIIHUHQWWLPEHUDVVRUWPHQWVUHWULHYDEOHLQSHUFHQWLQ
WKH HDFK IRUHVW W\SHV 6RLOV RFFXUULQJ LQ WKH PRXQWDLQRXV SDUW RI WKH VWXG\ DUHD UHIHU WR WKHDystrudepts H GHL
Dystroxerepts JURXSV )$2 ZKLOH LQ WKH ³*LRLD7DXUR´ SODLQ WKH\ DUHPDLQO\ OLQNHG WR WKHHapludands
JURXSV7KH FOLPDWH LV 0HGLWHUUDQHDQ ZDUPWHPSHUDWH DW WKH ORZHU DOWLWXGH EHFDPLQJ WKHQ FROGHU LQ WKH
PRXQWDLQRXVDUHDVFROGWHPSHUDWH
7DEOH'LVWULEXWLRQRIIRUHVWW\SRORJLHVDQGDPRXQWRIWKHGLIIHUHQWWLPEHUDVVRUWPHQWVUHWULHYDEOHLQSHUFHQWLQWKHH[DPLQHG
IRUHVWW\SHV
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2.2. Methodological approach 
,Q WKH VWXG\ DUHD VDPSOLQJ DFWLYLWLHVZHUHFRQGXFWHG DPRQJ WKHGLIIHUHQW IRUHVW W\SHV4XDQWLWDWLYHGDWDZHUH
FROOHFWHG IRU GHVFULELQJ WKH WUHH OLYLQJ FRPSRQHQWV DQG WKH VWDQG DWWULEXWHV DOVR LQ UHODWLRQ WR WKH VLOYLFXOWXUDO
DSSURDFKHVDSSOLHG7KHPHDVXUHPHQWVZHUHFDUULHGRXWLQSORWVHDFKRI·PLQUHODWLRQWRWKHGHQVLW\
DQGFRPSOH[LW\RIWKHIRUHVWVWDQGVSRVLWLRQHGWKURXJKDV\VWHPDWLFVDPSOLQJGHVLJQ0RUHRYHUWKHPRQLWRULQJSORWV
ZHUHSURSRUWLRQDOO\DVVLJQHGWRWKHGLIIHUHQWIRUHVWW\SHVLQUHODWLRQWRWKHLUWRWDOH[WHQW7KHUHIRUHWKHGLDPHWHUDW
EUHDVWKHLJKWDBHDQGWKHWRWDOKHLJKWHtRIDOOWKHWUHHVZHUHPHDVXUHG0RUHRYHURQDVXEVDPSOHRIVWDQGLQJ
WUHHV DURXQG UDQGRPO\ VHOHFWHG DQ LQFUHPHQWZRRG FRUHZDV WDNHQE\ D3UHVVOHU ERUHU DW WKH VWHPEUHDVW
KHLJKW LQ RUGHU WR FDOFXODWH WKH FXUUHQW DQQXDO LQFUHPHQW CAI 7KH &$, GHULYHV IURP WKH HVWLPDWLRQ RI WKH
3HUFHQWDJH&XUUHQW$QQXDO,QFUHPHQWPCAIRIWKHIRUHVWVWDQGLQJYROXPHPCAIst0HDVXULQJWKHIRUHVWVWDQGLQJ
YROXPHRIDJLYHQVWDQGVstWKH&$,LVWKHQFDOFXODWHGDV

stst
st
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j
j
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j
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
ZKHUH 3&$,M LV WKH 3&$, UHIHUUHG WR WKH MWK '%+ WUHH VWHP GLDPHWHU DW EUHDVW KHLJKW FODVV 9M LV WKH IRUHVW
VWDQGLQJYROXPHUHIHUUHGWRWKHMWKGEKFODVVDQGPLVWKHQXPEHURI'%+FODVVHVLQWKHVWDQG0DU]LOLDQRHWDO
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7KHYROXPHRIHDFKVWDQGLQJWUHHZDVFDOFXODWHGXVLQJGRXEOHHQWU\YROXPHPRGHOVDOUHDG\DSSOLHGLQ WKH
,WDOLDQ 1DWLRQDO )RUHVW ,QYHQWRU\ 7DEDFFKL HW DO  2Q WKH EDVLV RI WKH GDWD REWDLQHG WKH DYHUDJH DQQXDO
UHPRYDO RI JURZLQJVWRFN YROXPH ZDV WKHQ FDOFXODWHG FRQVLGHULQJ WKH LQGLFDWLRQV FRQWDLQHG LQ WKH 5HJLRQDO
)RUHVWU\3ODQRI&DODEULDPD[RIWKHVWDQGLQJYROXPH
,QRUGHU WRDVVHVV WKHSRWHQWLDODYDLODELOLW\RIZRRG\ELRPDVVERWK WKH UHVLGXDOZRRG\SURGXFWVREWDLQHGIURP
SULPDU\FRQYHUVLRQLQIRUHVWVEUDQFKHVWRSVDQGEDUNDQGWKHDVVRUWPHQWSHUFHQWDJHVUHWULHYDEOHIURPXWLOL]DWLRQ
DQGGHVWLQHGIRUHQHUJHWLFSXUSRVHVZHUHFRQVLGHUHG7DEOH,QWKHILUVWFDVHUHVLGXDOZRRGKDVEHHQDVVHVVHGE\
DSSO\LQJDQDOLTXRWH[SUHVVHGLQSHUFHQWDJHWHUPVWRWKHSRWHQWLDOO\XWLOL]DEOHELRPDVVSHUKHFWDUH$3$7
*LRUGDQR3DUWLFXODUO\LWKDVEHHQDVVXPHGWKDWDOOWKHIRUHVWVZHUHXWLOL]HGHDFK\HDUZLWKRXWGHFUHDVLQJWKH
VWDQGLQJWLPEHUVWRFN&LFFDUHVH7KHUHIRUHFRQVLGHULQJWKHZDVWHYROXPHUHWULHYHGIRUHQHUJ\SXUSRVHVDQG
WKHIRUHVWDUHDDYDLODEOHIRUHDFK\HDURI LQWHUYHQWLRQV WKHTXDQWLW\RIELRPDVVDQQXDOO\DFKLHYDEOHIURPUHVLGXDO
ZRRGZDVWKHQFDOFXODWHG
,QRUGHUWRDVVHVVWKHHFRQRPLFDOYDOXHRIWKHZRRG\SURGXFWVWKHSRWHQWLDODYHUDJHUHYHQXHREWDLQHGDQQXDOO\
IURPWKHODQGLQJWLPEHUVDOHDQGWKHDYHUDJHXWLOL]DWLRQFRVWZHUHGHWHUPLQHGIRUHDFKIRUHVWW\SH%RUGRQHHWDO
6WLOOLWDQRHWDO7KHSRWHQWLDODYHUDJHDQQXDOUHYHQXHZDVFDOFXODWHGWKURXJKWKHHVWLPDWLRQRI
WKH UHWULHYDEOH DYHUDJH DQQXDO WLPEHU ELRPDVV PXOWLSOLHG ZLWK WKH DYHUDJH ZRRG SULFH 0RUHRYHU WKH DYHUDJH
XWLOL]DWLRQFRVWZHUHDOVRFRQVLGHUHGLQUHODWLRQWRWKHYDULRXVWHFKQLTXHVRIH[WUDFWLRQDGRSWHGWKHQFRPSXWLQJWKH
DYHUDJH XQLW FRVW RI XWLOL]DWLRQ IRU HDFK VSHFLHV 7KH VWXG\ RI WKH WLPEHU SURGXFWLRQ YDOXH RI D ODUJH VWXG\ DUHD
LPSOLHV WKH QHHG IRUPDFURDVVHVVPHQWV LQ RUGHU WR REWDLQ UHSUHVHQWDWLYH YDOXHV RI WKH H[DPLQHG DUHD )RU WKLV
UHDVRQ WKHGHJUHHRI ORFDOVSUHDGKDVEHHQDOVR WDNHQ LQWRDFFRXQW LQRUGHU WRUHSUHVHQW WKHFRQGLWLRQV WKDWPRVW
IUHTXHQWO\WDNHSODFHLQWKHVWXG\DUHD)RUWKLVSXUSRVHWKHGDWDKDYHEHHQJDWKHUHGDWXWLOL]DWLRQILUPVDWSULPDU\
PDQXIDFWXULQJ LQGXVWULHV VDZPLOOV XVLQJ WLPEHU FRPLQJ IURP WKH LQYHVWLJDWHG DUHD 6WLOOLWDQR HW DO 
=LPEDODWWLHWDO3URWRHWDO
5HVXOWVDQGGLVFXVVLRQ
7DEOHUHSRUWVWKHGHQGURDX[RPHWULFUHVXOWVREWDLQHGDPRQJWKHGLIIHUHQWIRUHVWW\SHVLQYHVWLJDWHG0RUHRYHU
)LJVKRZVWKHWUHHDERXQGDQFHVLQUHODWLRQWRWKHGLDPHWHUFODVVHVKLJKOLJKWLQJDQKLJKGLDPHWHUVYDULDELOLW\IRU
DOPRVWDOOWKHVWXG\VLWHVEXWQRIRUFRSSLFHVWDQGV
7DEOH'HQGURPHWULFGDWDREWDLQHGDPRQJWKHGLIIHUHQWIRUHVWW\SHV
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&KHVWQXW        
+ROPRDN        
&RQLIHURXVUHIRUHVW        
%HHFKVWDQGVDUHFKDUDFWHUL]HGE\GLIIHUHQWVWUXFWXUHVIURPPRQROD\HUHGVWDQGVWRSOXULVWUDWLILHGRQHV)LJ$
%&7KHPRQROD\HUHG)LJ$DQGELOD\HUHG)LJ%EHHFKVWDQGVEXWDOVRWKHVLOYHUILUIRUHVWV)LJ(
GHULYHGIURPORQJODVWLQJUHSHWLWLRQRIVLOYLFXOWXUDOSUDFWLFHVZKLOHVHOHFWLYHFXWWLQJZHUHDSSOLHGLQWKHVLOYHUILU
EHHFKPL[HGIRUHVWV)LJ'DQGLQWKHSOXULVWUDWLILHGEHHFKVWDQGV)LJ&7KHFXUUHQWVWUXFWXUHVREVHUYHGLQWKH
UHIRUHVWHGFRQLIHUVWDQGVUHVXOWHGIURPWKHSDVWLQWHUYHQWLRQUHDOL]HGLQWKHIUDPHRIWKH,DQG,,6SHFLDO/RZRIWKH
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&DODEULDQ5HJLRQ7KDQNVWRWKHVHDFWLRQVIURPWRUHIRUHVWDWLRQDQGIRUHVWUHFRYHU\DFWLYLWLHVLQWHUHVWHG
KDZLWKDFRQVHTXHQWUHGXFWLRQRIWKHHURVLRQSURFHVVHVLQPRXQWDLQRXVDUHDV%RWKWKHUHIRUHVWHGDUHDVDQG
WKHVWDQGVLQWHUHVWHGE\ORQJODVWLQJUHSHWLWLRQRIVLOYLFXOWXUDOSUDFWLFHVDUHJHQHUDOO\KRPRJHQHRXVVWUXFWXUHVZLWKD
ORZVSHFLHVGLYHUVLW\LQWKHVHIRUHVWVWKHWUHHGHQVLW\UDQJHVIURPDURXQGWRWUHHVSHUKHFWDUH7DEOH2Q
WKHFRQWUDU\VWDQGVWUXFWXUHVGHULYLQJIURPVHOHFWLYHFXWWLQJVDUHPDLQO\FKDUDFWHUL]HGE\DQKLJKGLYHUVLW\LQWUHH
VSHFLHV EXW DOVR E\ DPRUH FRPSOH[ VWUXFWXUDO VWUDWLILFDWLRQ )LJ &$GGLWLRQDOO\ LQ WKHVH VWDQGV DOVR WKH WUHH
GHQVLW\ UHVXOWHGKLJKHU LI FRPSDUHGZLWK WKHRWKHU IRUHVW W\SHV LQYHVWLJDWHG 7DEOH7KHEHHFKVLOYHU ILUPL[HG
VWDQGVZKHUHVLOYHUILULVGRPLQDQWLVDQLQWHUHVWLQJIRUHVWW\SHVLQFHLWFRXOGUHSUHVHQWWKHILQDOVWDJHRIWKHQDWXUDO
HYROXWLRQ LQ WKH QRZ EHHFK GRPLQDWHG IRUHVW DUHDV7KH EDVDO DUHD DQG OLYLQJ WUHH YROXPHV REVHUYHG 7DEOH 
VKRZHG YHU\ KLJK YDOXHV RI ZRRG SURGXFWLRQ LQ DOO WKH VWXGLHG VWDQGV EXW QRW IRU WKH EHHFK SOXULVWUDWLILHG
IRUHVWV0RUHRYHU7DEOHUHSRUWVDOVRWKHPHDQYDOXHVRIWKHZRRG\ELRPDVVSRWHQWLDOO\DYDLODEOHHDFK\HDUZLWKD
RIKXPLGLW\FRQWHQWK\SRWL]LQJD\HDUVFXWWLQJF\FOHV7KHVHYDOXHVDOUHDG\H[FOXGHWKHZRRG\PDWHULDOV
ORVWGXULQJWKHILUVWVWDJHVRIWKHIRUHVWFXWWLQJDFWLYLWLHV
&KHVWQXW DQG KROP RDN IRUHVWV DUH PDLQO\ FKDUDFWHUL]HG E\ FRSSLFH VWDQGV 7KHVH VWDQGV DUH HFRQRPLFDOO\
LPSRUWDQW LQ WKH UHJLRQDO FRQWH[W VLQFH WKH\ VDWLVI\ WKH UHTXHVWV DPRQJ WKH ORFDO ZRRG\ FKDLQ HVSHFLDOO\ IRU
ILUHZRRGKROPRDNDQGURXQGZRRGFKHVWQXWRIYDULRXVGLPHQVLRQV7KHLUFXWWLQJF\FOHVDUHYDULDEOHIURPWR
\HDUVIRUFKHVWQXWIRUHVWV\HDUVLQWKHFDVHRIKROPRDNVWDQGV&KHVWQXWVWDQGVDUHXVXDOO\FKDUDFWHUL]HGDW
WKH HQG RI WKHLU FXWWLQJ F\FOH E\  WUHHV SHU KHFWDUH RI DJDPLF RULJLQ 7DEOH  PRVW RI WKHP RI VPDOO
GLPHQVLRQ)LJ*,Q WKHVH VWDQGVK\SRWKL]LQJD\HDVFXWWLQJF\FOH WKHZRRG\ELRPDVVDYDLODEOH VKRXOGEH
DURXQGFXELFPHWHUVSHUKHFWDUH0RUHRYHU LQWKHKROPRDNFRSSLFHV WKHQXPEHURIWUHHVSHUKHFWDUHUDQJHV
IURPWRWUHHVFRQVLGHULQJD\HDUVFXWWLQJSHULRGDOVRIRUKROPRDNWUHHVDUHRIWHQFKDUDFWHUL]HGE\
VPDOO GLPHQVLRQ )LJ+ ,Q WKHVH VWDQGV WKHZRRG\ELRPDVV DYDLODEOH VKRXOGEH DURXQGFXELFPHWHUVSHU
KHFWDUH

)LJ'LVWULEXWLRQRIQXPEHURIWUHHVLQUHODWLRQWRWKH'%+IRUHDFKLQYHVWLJDWHGIRUHVWW\SH/HWWHUVUHIHUVWRWKHGLIIHUHQWIRUHVWW\SHVDV
IROORZ$ 0RQROD\HUHGEHHFK% %LOD\HUHGEHHFK& 0XOWLOD\HUHGEHHFK' 6LOYHUILUEHHFK( 6LOYHUILU) &RQLIHURXVUHIRUHVWDWLRQ
* &KHVWQXW+ +ROPRDN
7KH UHVXOWV REWDLQHG IRU WKH DYHUDJH SURGXFWLRQ YDOXHV DQG WKH HVWLPDWLRQ RI WKH WRWDO DPRXQWV RI ELRPDVV
SRWHQWLDOO\ DYDLODEOH HDFK \HDU LQ HDFK IRUHVW W\SRORJ\ DUH UHSRUWHG LQ 7DEOH  7KH SURGXFWLRQ YDOXHV LQ WKH
H[DPLQHGDUHDDUHRI(XUR\HDU ,QSDUWLFXODU WKHKLJKHVWYDOXHVDUHREWDLQHGIURPEHHFKIRUHVWV WKH
XQLTXHZRRGW\SRORJ\WKDWSURYLGHVIRUWKHODUJHVWLQGXVWULDOZRRGTXDQWLW\WREHHPSOR\HGLQYDOXDEOHMRLQHULHV,Q
DGGLWLRQEHHFKIRUHVWVDUHWKHODUJHVWZRRGODQGVWKDWFRXOGEHPRVWO\XWLOL]HGDQQXDOO\&RPSDUHGWREHHFKIRUHVWV
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WKHSURGXFWLRQYDOXHRIFKHVWQXWDQGKROPRDNRQHV LV VLJQLILFDQWO\ ORZHUEHFDXVHRI WKHVPDOOHUXWLOL]DEOH IRUHVW
H[WHQW0RUHRYHU WKH HFRQRPLFDO UHYHQXH LV VPDOOHU IRU WKH VLOYHU ILU IRUHVWV VLQFH WKH\ DUH WKH OHVV UHSUHVHQWHG
IRUHVW W\SH5HJDUGLQJ WKHVWDQGV UHIRUHVWHGZLWKEODFNSLQHHYHQ LI WKH\FRYHUDQ LPSRUWDQWSRUWLRQRI WKHVWXG\
DUHDWKHLUWLPEHUHFRQRPLFYDOXHLVYHU\ORZLIFRPSDUHGZLWKWKHRWKHUIRUHVWVSHFLHVKHUHLQYHVWLJDWHG
7DEOH$VVHVVPHQWRIWKHIRUHVWSURGXFWLRQYDOXHVDQGRIWKHWRWDODQQXDOUHWULHYDEOHELRPDVVIURPIRUHVWLQWKHVWXG\DUHD
3$5 3RWHQWLDODYHUDJHUHYHQXH$8& $YHUDJHXWLOL]DWLRQFRVW$39 $YHUDJHSURGXFWLRQYDOXH86 8WLOL]HGVXUIDFH)39 )RUHVWV
SURGXFWLRQYDOXH%5(3 %LRPDVVUHF\FOLQJIRUHQHUJ\SXUSRVHV5%8 5HWULHYDEOHELRPDVVIURPXWLOL]DWLRQV7% 7RWDOELRPDVV
)RUHVWW\SHV 3$5
¼KD\U
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
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
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0J\U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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&RQLIHURXVUHIRUHVW        
727$/        
7KURXJK WKHDQDO\VLVRI WKHGLIIHUHQW W\SRORJLHVRI WLPEHUDVVRUWPHQWVRXU UHVXOWVKLJKOLJKW WKDWDOPRVWDOO WKH
VSHFLHVRFFXUULQJLQWKHVWXG\DUHDEXWQRWKHFKHVWQXWFRXOGSURYLGHILUHZRRGDQGELRPDVVIRUHQHUJHWLFSXUSRVHV
0RUHLQGHWDLODVVHVVLQJWKHELRPDVVSURGXFWLRQIRUHQHUJHWLFXVHVDPRQJWKHGLIIHUHQWIRUHVWW\SHVUHVXOWVUHYHDOHG
WKDWWKHVLOYHUILUIRUHVWVWKHPL[HGILUEHHFKIRUHVWVDQGWKHFRQLIHURXVUHIRUHVWHGODQGVFRXOGSURYLGHELRPDVVIRU
DQGRI WKH WRWDOYROXPHUHVSHFWLYHO\5HJDUGLQJ WKHKROPRDNIRUHVWV LWZDVDVVXPHGWKDW WKHZKROH
YROXPH DYDLODEOH ZRXOG EH XVHG IRU WKH ELRPDVV SURGXFWLRQ 0RUHRYHU LW PXVW EH XQGHUOLQHG WKDW IRU WKH
DVVHVVPHQW RI WKH DYDLODEOH ELRPDVV WKHUH ZHUH QRW FRQVLGHUHG WKH UHVLGXDOV DYDLODEOH IURP WKH SULPDU\ DQG
VHFRQGDU\ZRRGPDQXIDFWXULQJ
0RUHRYHU WKH ELRPDVV YROXPH WKDW FRXOG EH REWDLQHG LV HVWLPDWHG RQ DERXW  0J \HDU7DEOH 
UHYHDOLQJDQLQWHUHVWLQJSRWHQWLDOIRUDQHQHUJHWLFHQKDQFHPHQWRIIRUHVWUHVRXUFHV,QWKLVVWXG\WKHOLPLWDWLRQVWRWKH
VLOYLFXOWXUDO LQWHUYHQWLRQV LQGXFHG E\ WKH WRSRJUDSKLFDO WUDLWV DQG E\ WKH SUHVHQFH RI SURWHFWHG DUHDV ZHUH QRW
FRQVLGHUHGKRZHYHU WKHVH OLPLWDWLRQVDUHSUHVHQWRQYHU\VPDOODUHDV0DU]LOLDQRHWDODQGGRQRW UHGXFH
VLJQLILFDQWO\ WKH WRWDO DPRXQW RI WKH DYDLODEOH ELRPDVV,Q DQ\ FDVHZH VKRXOG FRQVLGHU DOVR WKH LQIOXHQFH RI WKH
DYHUDJHFRVWV IRU WKHXWLOL]DWLRQV7DEOH WKH\DUHH[SHQVLYH LIFRPSDUHGZLWK WKHVHOOLQJ UHYHQXH3URWRHWDO
3URWR	=LPEDODWWL3DUWLFXODUO\ WKHVFDUFH OHYHORI IRUHVWPHFKDQL]DWLRQDQGRUJDQL]DWLRQ LQFUHDVHV
VLJQLILFDQWO\WKHFRVWRIODERXULQWKHIRUHVWU\VLWHV
$Q\ZD\WKHUHVXOWVKHUHREWDLQHGERWKHFRQRPLFDODQGGHQGURPHWULFXQGHUOLQHKRZLWFRXOGEHVXVWDLQDEOHWKH
XWLOL]DWLRQIRUHQHUJ\XVHRIIRUHVWELRPDVVFRPLQJIURPUHVLGXDOZRRGDQGIURPWLPEHUDVVRUWPHQWV7KHHVWLPDWHG
YROXPHV FRXOG IHHG RQH RU PRUH VPDOO ELRPDVV SRZHU VWDWLRQV ZLWK D JHQHUDWLQJ FDSDFLW\ WKDW GR QRW H[FHHG
FRPSOH[LYHO\0:7KHUHIRUH WKHXVHRIZRRGDV IXHOFDQFRQWULEXWH WR UHGXFLQJ WKHDWPRVSKHULFHPLVVLRQVRI
JUHHQKRXVHJDVHVHQVXULQJWKHSXEOLFXWLOLW\IXQFWLRQVRIIRUHVWVDQGSURYLGLQJDQRSSRUWXQLW\IRUDVRFLRHFRQRPLF
GHYHORSPHQWLQWKHUXUDODUHDVKHUHLQYHVWLJDWHG)RUWKHVHSXUSRVHVLWLVIXQGDPHQWDOWKHNQRZOHGJHRIWKHIRUHVW
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